
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(id EP 0 948 988 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


pi ) Int Ol ° DU I U 0O/U4, DU I J I O, 




13.10.1999 Bulletin 1 999/41 


B01D 53/02 ; C07C 17/389 


(21) 


Acoliratmn numhpr QQ^OPT^P 




(22) 


Date of filing 07.04.1999 




(84) 


Designated Contracting States: 


• Yamakawa, Shinobu 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Aichi 457-0841 (JP) 




MC NL PT SE 


• Kato, Masashi 




Designaied Extension States 


Aichi 458-0044 (JP) 




AL LT LV MK RO SI 


• Okino, Hirohito 






Shiga 520-0843 (JP) 


(30) 


Pr on:y 09 04.1998 JP 9795798 








(74) Representative Coleiro, Raymond et al 


(71) 


Applies TORAY INDUSTRIES, INC. 


MEWBURN ELLIS 




Tokyo 103-6666 (JP) 


York House 






23 Kingsway 


(72) 


Inventors 


London WC2B 6HP (GB) 


• 


Iwnyama. Kazuyoshi 






Aichi 464-0074 (JP) 





(54) 



separation using it 



(57) An acsorbent for separating haiogenated aro- 
matic compounds has at least one of a porosity of from 
0 20 cc/cc to C 37 cc/cc. a packing density of from 0.36 
g/m! to 0 70 g/m I. and a gram size of from 0. 1 mm to 1 0 
mm. With the adsorbent, a haiogenated aromatic com- 
pound isomer is separated and recovered; or a haiogen- 



ated aromatic compound having a dissolved oxygen 
content of at most 15 ppm by weight is separated and 
recovered with an adsorbent. In the method, at least one 
high-purity isomer can be efficiently separated and re- 
covered from a mixture of haiogenated aromatic com- 
pound isomers. 
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Description 

[0001] The present invention rela;es to the use of an adsorbent for separating halogenated aromatic hydrocarbons 
and to a method of using il for separating one isomer from a mixture of halogenated aromatic isomers. 
[0002] Halogenated aromatic compounds are of considerable industrial importance, tor example, as intermediates 
for medicines and agricultural chemicals. At present these intermediates are required to have a much higher purity 
Except for monohaiogenated benzenes, aromatic compounds with two or more substituents each have different iso- 
mers For separating a mixture of those isomers into individual ones through ordinary industrial distillation, an ultra- 
precision distillation device is needed, since ihe difference in the boiling point between the isomers is small However, 
at present, it is still extremely difficult to obtain high-purity products of a single isomer on an industrial scale. In addition, 
some types of halogenated aromatic compound could not oe separated into individual isomers through distillation 
Recently for separatinga mixture of isomers that have heretofore been difficult or impossible to separate into individual 
ones, methods of adsorbing separation have been developed For example, JP-A 57-91933 and 58-131923 disclose 
a method of separating a single isomer from a mixture of chlorotoluene isomers through adsorption. Japanese Patent 
Application No 9-335225 discloses a method of separating a single isomer from a mixture of chloroethylbenzene 
isomers through adsorption. JP-A 52-62229 53-105434. 5£-131924 ; 56-150524, 62-175433 and 4-330025 disclose 
a method of separating a single isomer from a mixture of dichlorobenzene isomers. JP-A 59-199642, 60-42340, 
5-70363. 56-1 37795 and 3-20232 disclose a method of separating a mixture of dichlorotoluene isomers JP-B 4-469 33 
. disclose s a process comprising removing HCI and water, which are formed in isomerization of a halogen ated benzene 
derivative, throug hdislillati on, followed by separatinq_^_sj3e^ficjmql e isomer from the mixture of the resulting isomers 
^byjhg use, as ag adsp.rbjncj and separating _aq_en t of a zeolite ~7 ~ 
[0003] Increasing the purity of the single isomer to be separated in those adsorbing separation methods and increas- 
ing the separation efficiency therein are extremely important criteria relevant to industrial applicability However, the 
methods mentioned above are not satisfactory with respect to the purity of the single isomer separated therein. 
[0004] In the method of using an adsorbing and separating agent that comprisesa zeolite for separating a single 
isomer from a mixture of halogenated aromatic compound isomers, the capabilities of the adsorbing and separating 
agent being used are lowered with the lapse of time. In the method, therefore the adsorbing and separating agent 
used must be exchanged for a fresh one or must be regenerated through firing or the like. Therefore, prolonging the 
life of the agent and prolonging the regeneration cycle for the agent is extremely advantageous for improving the 
industrial applicability However, the conventional techniques are unsatisfactory with respect to the prolongation of the 
life of the agent and to the prolongation of the regeneration cycle for it. 

[0005] The invention addresses the problems noted above, and seeks to provide an efficient method for separating 
halogenated aromatic compound isomers. 

[0006] In order to solve these problems, we, the present inventors have assiduously studied the capabilities of ad- 
sorbents for improving them. Preferably theadsorbents consist essentially of a zeolite Zeolites includes natural zeolites 
and synthetic zeolites, of which a synthetic zeolite is especially preferably used. Such a synthetic zeolite is geneiaily 
in the form of powder. For using a zeolite as an industrial adsorbent, it is usually shaped. Specifically, zeolite adsorbents 
are generally in the form of shaped articles. Having observed the role of shaped articles of zeolite as adsorbents, we 
investigated the factors that may govern the capabilities of an adsorbent such as a zeolite to adsorb and separate 
halogenated aromatic compounds. As a result, we have found that the packing density of the adsorbent, tne porosity 
of the adsorbent and the grain size of the adsorbent are important factors 

[0007] The packing density of an adsorbent depends, for example, on the porosity thereof and the shape thereof 
An adsorbent having a higher packing density is preferred since the amount thereof capable of being filled in a unit 
volume increases and since a larger amount of the adsorbent could be packed in an adsorbent tower. However, for an 
adsorbent having too high a packing density, it has been found that its adsorbing and separating capabilities are low- 
ered. 

[0008] The porosity of an adsorbent is caused by the macro pores existing m the adsorbent. An adsorbent having 
too high a porosity is unfavorable, since its packing density is lowered. Contrary to this, for an adsorbent having loo 
low a porosity the volume of macro poies existing therein is too small As a result, it has been found that, when a 
halogenated aromatic compound is applied to an adsorbent of zeolite of that type, it is prevented from being diffused 
in the adsorbent grains before it reaches the pores through which the compound is adsorbed by the adsorbent zeolite, 
and therefore the adsorbing and separating capabilities of the adsorbent are poor. 

[0009] On the other hand, it has been found that a shaped adsorbent comprising smaller grains could have higher 
adsorbing and separating cacabilities It is believed that, in zeolite adsorbent grams having a small gram size, the 
pathway through which a halogenated aromatic compound to be adsorbed by the grains are diffused into the pores of 
the zeohte grains wilt be shortened, whereby the compound could be rapidly adsorbed by the grains It is considered 
that the diffusion of halogenaled aromatic compounds into adsorbent grains will be much influenced by the gram size 
of the grams, as compared with that of halogen-free aromatic hydrocarbons This Will be probably related to the fact 
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that halogens, for example chlorine and bromine have a large ionic radius or a large atomic weight. However acsorbent 
grains having too small a gram size are unfavorable, since they will cause an increase in pressure toss 
[001 0] We, the present inventors have studied production methods for aromatic compounds, and, as a result, have 
found that using a halogenated aromatic compound having a dissolved oxygen content of at most 1 5 ppm by weight 
5 prevents the oetenoration of an adsorbing and separating agent and prolongs the life of the agent, and that the halo- 
genated aromatic compound can be efficiently separated. 

[0011] Specifically the invention provides the use of an adsorbent for separating a halogenated aromatic compound, 
which is characterized by having at least one of a packing density of from 0.50 g/ml to 0 70 g/ml inclusive a porosity 
of from 0 2 to 0 37 ml/ml inclusive, and a grain size of from 0 1 mm to 1 0 mm inclusive; a method of using the adsorbent 

to for separating at least one halogenated aromatic compound isomer from a mixture of halogenated aromatic compound 
isomers and a method for separating at least one halogenated aromatic compound isomer, which comprises contacting 
a mixture of halogenated aromatic compound isomers having a dissolved oxygen content of at most 1 5 ppm by weight 
with an adsorbent for separating halogenated aromatic compounds. 
[0012] Preferred embodiments will now be described in more detail 

is [0013] It is especially preferred that the adsorbent used in accordance with the invention is a synthetic zeolite Ex- 
amples of the zeolite usable herein include faujasite-type zeolite MFI-type zeolite and beta-type zeolite. Most preferred 
is faujasite-type zeolite Faujasite-type zeolite is a crystalline alummosilicate to be represented by the following genera! 
formula in terms of the molar ratio of the oxides constituting it: 

20 M 2/ . n OAL 2 0 3 «xSi0 2 -yH 2 0 

wherein M represents a metal ion or a hydrogen ion n represents the valence of the metal ion or the hydrogen ion; x 
represents a molar ratio of silica/alumina One in which x is smaller than 3 is referred to as X-type zeolite, and one in 

2S which x is 3 or more is referred to as Y-typc zeolite. In the formula, y varies depending on the degree of hydration 

[0014] Synthetic zeolite is generally obtained in the form of powder. For shaping the powder for example, any method 
of kneading rolling or compression my be employed In accordance with the invention, a kneading method is preferred 
In shaping the powder, a binder is often used for increasing the mechanical strength and the packing density of the 
shaped articles As the binder alumina, bentonite and kaolin for example, are preferred Depending on the intended 

30 mechanical strength and packing density of the shaped articles, the amount of the binder to be used may be from 5 
to 40% by weight but preferably Irom 10 to 20% by weight, inclusive. Having regard to the zeolite content of the shaped 
articles it is desirable that the amount of the binder is smaller. However, the uppermost limit and the lowermost limit 
of the amount of the binder to be used shall be determined, depending on the type of binder and the intended mechanical 
strength of the shaped articles. The amount of the binder also depends on the crystal structure and the crystal mor- 

35 phology of the zeolite. 

[001 5] For shaping the zeoute by a kneading method, zeolite powder, binder, water and optionally a surfactant that 
is to improve the shapability are well kneaded. The surfactant to be optionally used herein includes, for example, an 
anionic surfactant such as tnethanolamme oleate or sodium oleate, a nonionic surfactant such as oleic acid, sorbitan 
trioleate as a trade name "Span 35". sorbitan monooleate as a trade name "Span 60", sorbitan monolaurate as a trade 

-to name "Span 20", poiyoxyethylene sorbitan monostearate as a trade name "Tween 60". polyoxyethylene sorbitan mo- 
nooleate as a trade name "Tween SO' or polyoxyethylene sorbitan monolaurate as a trade name "Tween 20" or a 
cationic surfactant such as N-celyl-N-ethyl morpholinium Et sulfate as a trade name "Atlas G-251 " 
[0016] The kneaded mixture is extruded through an extruder, for which the screen mesh is suitably selected to control 
the grain size of the intended adsorbent grams. The extruded adsorbent grains are then processed in a rounding 

•is machine (Marumenzer), in which their length is controlled or they are rounded Through the rounding operation, the 
packing density of the adsorbent grains and the porosity can be controlled to some degree. 

[0017] The shaped adsorbent is then dried for removing water therefrom. The drying temperature may generally fall 
between 50 and 200° C Alter having been dried, this is then calcined, Ihereby to provide an increased mechanical 
strength The calcination temperature generally falls between 350 and 700° C 
so [0018] The adsorbent thus having been calcined to have an increased mechanical strength is thereafter optionally 
subjected to cation exchange treatment, depending on the type of the halogenated aromatic compound to be treated 
with it For the ion exchange treatment, any and every cation generally employed in the art is employable. 
[0019] The packing density of the adsorbent may vary to some degree, depending on the measuring method used. 
The packing density of the adsorbent of the invention is measured according to the method mentioned below 

ss 

{ 1 ) The empty weight cf a measuring container is measured, and this is referred to as (A) The container :s prepared 
oy cutting a 250-ml messcylinder having an outer diameter of 40 mm(|> at a height of 200 mmH from its bottom 
and its volume, V, is previously determined with water 
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(2) The measuring equipment is-as shown in Fig 1. (see later 

(3) About 300 ml of a calcined adsorbent (sample) is taken in a glass beaker 

(4) The distance between the top of the measuring container and the top of the funnel is adjustedto be 200 mm, 
and the sample m the glass beaker is fed into the funnel, while being dropped into the container through the funnel 

5 to build up into a heap 

(Note: The sample is dropped into the center of the container messcylinder. and the measuring equipment 
must not be moved during the measurement ) 

(5) After the sample has been dropped into the container, its heaped part is gently scraped off with a scale to be flat 

(6) The weight of the container with the sample therein is measured, and this is referred to as (B). 

70 (Note: As the sample is highly hygroscopic, the operation of (1) to (6) must be effected rapidly ) 

(7) The measurement is repeated twice, and the average value is obtained. 

(3) A 30 -ml ceramic crucible that has been previously calcined at 500° C for I hour is weighed About 2 g of the 
same sample as above is accurately weighed and put into the crucible, which is then calcined at 50C° C for 1 hour. 
This is cooled in a desiccator for about 1 5 minutes. After having reached room temperature, this is weighed. From 
is the thus-weighed dry weight of the sampie the water content (% by weight) of the non-dried sample is calculated 

(9} The packing density (ABD) of the sample is calculated according to the following equation: 

ADr , B-A IOC - water content, 
ABD (g/ml) = — — x (1 — ) 



20 



wherein. 



A indicates the weight of the empty container (g). 
B indicates the weight of the sample (adsorbent) + A (g). and 
25 V indicates the volume of the measuring container (ml) 

[0020] An adsorbent having a higher packing density is preferred, since the amount capable of being filled in a unit 
volume increases However, an adsorbent having too high a packing density is unfavorable, since its adsorbing and 
separating capabilities for halogenated aromatic compounds are poor 
30 [0021] The porosity of an adsorbent can be measured with ease, according to a method of mercury penetration, for 
which is used a porosimeter. Specifically, the porosity of the adsorbent of the invention is measured in the manner 
mentioned below 

[0022] The adsorbent to be measured is placed in an electric furnace, calcined therein at 500°C for 2 hours, and 
then cooled in a desiccator to reach room temperature. This is placed in a sample cell, and is thereafter filled with 
35 mercury in vacuum. Then, this is set in a porosimeter device Pressure is applied thereto., whereupon the volume of 
mercury to be penetrated into the pores of the adsorbent grains is electrically detected. Thus is obtained the relationship 
between the pressure Pm[psi] and the pore volume[ccj. This measurement is repeated under different pressures The 
pressure Pm is converted into the pore radius, r. according to the following equation (1 ): 

40 

r = -2-,/cosa/P (1) 

wherein 

45 r indicates the radius of pores into which mercury penetrates under a pressure P. [A], 

P indicates a pressure, P=Pm[psi]x6 89476x l0 3 [N/m m], 
v indicates the surface tension ol mercury. 0 484[N/m], and 
H indicates the contact angle of mercury to the sample (adsorbent), 1 41 3[ 3 ] 

50 [0023] The volume of the adsorbent grains is obtained as follows: The adsorbent grains to be measured are placed 
in a sample cell The volume as expelled by the adsorbent grains to which is added mercury in vacuum, and the po r e 
volume of !hc grains having a pore diameter of up to 3 u.m to which is added mercury under pressure arc summed up, 
and the total is the volume of the adsorbent grams The pore volume is lie accumulated volume of mercury as pene- 
trated into the grains having a pore diameter of from 3pm to 1 0 nm Accordingly the porosity (cc/cc) of the adsorbent 

55 grains is defined as follows 

Porosity (cc/cc) = <^ !j« jcci) 

(adsorbent grain volume (cc)) 
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[0024] Adsorbent grains having a larger porosity are preferred, since a halogenated aromatic compound can more 
easily diffuse inside the grains However too large grains are unfavorable since the packing density of the acsorbent 
is lowered. Preferably, the pcrcsity of the acsorbent grams is from 0.2C to 0.37 cc/cc, mere preferably from 0 25 to 
0.35 cc/cc. inclusive 

5 [0025] The grain size of the acsorbent grains can be easily measured with a scale or a scale equipped with a mag- 
nifying glass. At least any 10 adsorbent grains are measured for their gram size, and the data are ave-aged. The 
resulting mean value is the gram size of the grains. In accordance with the invention, the grain size of the adsorbent 
grains is preferably from 0 1 to 1 0 mm ; more preferably between 0.2 and 0 B mm. Adscrbent grains having a smaller 
grain size are preferred, since the pathway in each grain through which the adsorbed molecules diffuse in the grains 

to is shorter. However too small grams are unfavorable, since they cause the increase in pressure loss, and since their 
industrial production is not economical. 

[0026] The halogen present the halogenated aromatic compounds to which the invention is directed includes fluorine, 
chlorine, bromine and iodine. Of those, favorable to the invention are chlorine and bromine and more favorable thereto 
is chlorine It is also desirable that the halogenated aromatic compounds have at least one alkyl group. The alkyl group 

?5 preferably has from 1 to 4 carbon atoms, and more preferred are methyl group, ethyl group and propyl group. 

[0027] Specific examples of the halogenated aromatic compounds include fluorotoluene. chlorotoluene. bromotolu- 
ene, dichlorobenzene, dibromobenzene, fluorochlorobenzene, chtorobrcmobenzene. trichlorobenzene, dichlorofluor- 
obenzene. dichlorobromobenzene, dibromochlorobenzene dichlorotoluene, dibromctoluene. chloroxylene bromoxy- 
lene, chloroethylbenzene. bromoethylbenzene. chlorocumene. chloropropylbenzene. bromocumene. bromopropyl- 

20 benzene chlorobulylbenzene and bromobulylbenzene 

[0028] In accordance with the invention, when the dissolved oxygen content of the halogenated aromatic compound 
to be processed is not higner than 15 ppm by weight, the adsorbent used for the compound may be prevented from 
being deteriorated Smaller dissolved oxygen content is better. Preferably, the dissolved oxygon content is at most 5 
ppm by weight, more preferably at most 1 ppm by weight. 

25 [0029] The dissolved oxygen content of the aromatic compound can be measure, for example, with a Bcckman 
dissolved oxygen meter or a polarographic dissolved oxygen meter 

[0030] To reduce the dissolved oxygen content of the aromatic compound to be at most 15 ppm by weight, for ex- 
ample, any treatment such as radiation, degassing, distillation or nitrogen sealing is employable 

[0031] In accordance with the invention, in the radiation treatment a dissolved oxygen-containing aromatic compound 
30 m liquid form is contacted with an inert gas such as N 2 , thereby removing the dissolved oxygen from the aromatic 
compound. For the radiation, for example, N 2 . may be directly bubbled into an aromatic compound in liquid form present 
in a tank, or, alternatively, N 2 may be contacted with an aromatic compound in liquid form in a countercurrent flow in 
a plate column or a packed column. The pressure for the operation may be any of normal pressure elevated pressure 
or -reduced pressure Regarding the temperature for the operation, the operation is generally effected at a temperature 
35 at which the aromatic compound to be processed could be in a liquid phase. 

[0032] The degassing treatment includes, for example, a method of reducing the pressure in a tank as filled with a 
dissolved oxygen-con taming aromatic compound, by the use of, for example, a vacuum pump, and a method of reducing 
the pressure in a plate column or a packed column as filled with a liquid of a dissolved oxygen-containing aromatic 
compound to thereby remove the dissolved oxygen from the compound The pressure for the operation may be any 
-*o of vacuum to normal pressure, but a lower pressure is preferred Regarding the temperature for the operation, the 
operation is generally effected at a temperature at which the aromatic compound to be processed can be in a liquid 
phase 

[0033] The distillation treatment may be effected in any ordinary manner For this , the_distillat_ionjqv/er jny be any 
of, for example, a plate column or a pac_ke_d column, and the pressure may be an y ohiorrrialpxessti re, elevated pi£ssure_ 
~6f recJuced pressure. 

[0034] fn the^nTFrogen sealing treatment a dissolved oxygen-containing aromatic compound is placed in a mtrcgen- 
sealed container, for examplea thank, before the compound is subjected to isomerization or adsorbing separation, so 
that the dissolved oxygen is removed from the compound ihiough vapor-liquid equilibration. 

[0035] If a halogenated aromatic compound tc be subjected to adsorbing separation contains d-ssolved oxygen, the 
50 dissolved oxygen in the compound will form an oxygen-containing compound. Since the resulting oxygen-containing 

compound has strong polarity, and is therefore strongfy adsorbed by the adsorbing and separating agent, the adsorbing 

and separating capabilities of the agent are much lowered Therefore, reducing the dissolved oxygen content of the 

halogenated aromatic compound is effective for preventing the deterioration of the adsorbing and separating agent 

and it is believed that the regeneration cycle for the agent can thereby be prolonged 
55 [0036] Especially preferred embodiments cf the invention will now be described with reference to the accompanying 

drawings and Examples. 

[0037] In the drawings' 

[0038] Fig 1 is a schematic view showing a cevice for measuring the oacking density of an adsorbent 
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[0039] Fig 2 is a schematic view showing the adsorption and separation process of one embodiment of the invention 
in a simulated-moving bed line 

[0040] Fig 3 is a graph shewing the pore volume distnoution of the adsorbents in Example 1 and Example 2 
[0041] Fig 4 is a graph showing the adsorbing and separating capabilities of the adsorbents for a CEB isomer mixture 
5 in Example 1 and Comparative Example 1 . 

[0042] Fig 5 is a graph showing the adsorbing and separating capabilities of the adsorbents for a DCB isomer mixture 
in Examples 2. 3 and 4 

[0043] Fig 6 is a graph showing the relationship between the amount of the isomer mixture processed and the 
adso-ptive selectivity of the single isomer separated in Example 5 and Cormpa -alive Example 2. 
io [0044] The technique of ads orbing and separating a single isomer from a mixture of halogenated aromal ir compauiid^ 
isorners according to the invention may be attained in so-called paritionmg chromatography , in partitioning adsorption 
using a simulated-mov ing beoHTne comprising a series of partitioning chromatography col umns. In the simulated-mov 7 " 
ihg bed line. IFe most easily ads orbable substance is collected in the extract flow, while the su bsta nce_^osT^lf]lc^7rro- — 
the raHinate fl ow '< 

?5 — [00*45] The continuous adsorbing and separating technique using the simulated-moving bed line basically comprises 
adsorption, concentration, desorption and desorbent recovery, which are continuously repeated in that oraer One 
example of a method of adsorbing and separating a mixture of chloroethylbenzene (hereinafter referred to as "CEB") 
isomers is mentioned below in which m-CEB is adsorbed by the adsorbent used 

20 (1 ) Adsorption 

[0046] A mixture of CEB isomers is contacted with an adsorbent, and a strongly adsorbable component, m-CEB is 
selectively adsorbed by the adscrbent. while the other weakly adsorbable components, o- and p-CESs are recovered 
along with the desorbent in the form of a raffmate flow that will be mentioned below. 

25 

(2) Concentration: 

[0047] The adsorbent that has adsorbed the strongly adsorbable component. m-CEB is then contacted with a part 
of the extract that will be mentioned below, and the weakly adsorbable components remaining on the adsorbent are 
30 removed, whereby the strongly adsorbable component is concentrated 

(3) Desorption 

[0048] The adsorbent thus having the concentrated, strongly adsorbable component, m-CEB is contacted with a 
35 desorbent. whereby the strongly adsorbable component is removed from the adsorbent, and recovered along with the 
desorbent in the lorm of an extract flow 

(4) Desorbent Recovery: 

-to [0049] The adsorbent thus having adsorbed substantially only the desorbent is contacted with a part of the raffmate 
flow and a part of the desoroent having been adsorbed by the adsorbent is recovered in the form of a desorbent 
recovery flow 

[0050] Fig 2 shows a schematic view showing the adsorption and separation process according to the simulated- 
moving bed line mentioned above As in Fig 2 adsorption chambers 1 to 1 2 all filled with an adsorbent are continuously 

•*s connected with each other through which the isomer mixture to be separated is circulated 

[0051] The adsorbing and separating operation for a halogenated aromatic compound is preferably effected in a 
liquid phase A higher operation temperature is more preferred for higher diffusion rate of the compound being proc- 
essed. Conlraiy to this, however, a lower operation temperature is more preferred for belter adsorphve selectivity of 
the adsorbent used Because of the contiadictory temperature-dependent factois. the operation temperature will be 

so preferably between 50 and 200 9 C. 

EXAMPLES 
Example 1 

55 

[0052] 1 2 kg (dry weight) of Na-X zeolite powder (from Toso) having a molar ratio Si0 2 /AI 2 03 of 2 5. 0 96 kg of 
alumina sol (from Nissan Chemical, having an A1 2 0 3 content of 10 % by weight) and alumina gel (from Shokjbai "Kasei 
having an Al 2 0 : content of 75 % by weight) were mixed in a kneader (from Fuji Pawdal. Model KDHJ-10). and kneaded 
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with a suitable amount of water added thereto for about 1 hour. The resulting paste was extruded cut through an 
extruder (from Fuji Pawdal, Mode! EXDS-30) ecuipped with a 0 3 mm-mesh screen, into pellets 
[0053] In order to round them and to increase their packing density, the resulting pellets were processed in a rounding 
machine (Marumerizer. Model QJ-230 from Fuji Pawdal) at a revolution of 350 rpm for 3 minutes 
$ [0054] Next, these were dried overnight at atout 120°C After having been dried these were classified through a 
SG-mesh sieve to remove fine grains and tnrough a 48-mesh sieve to remove coarse grams The thus-class;f led grains 
were then calcined at 500°C for 2 hours. 

[0055] The diameter of the adsorbent grams was measured with a scale equipped with a magnifying glass and it 
was 0 3 mm. The length of the grains varied from about 0.3mm to about 0 6 mm. The packing density of the adsorbent 
tc was 0.54 g/ml. The pore volume of the adsorbent grams was measured, and tne data are shown in Fig 3 The adsorbent 
had a porosity of 0.27 cc/cc 

[0056] The adsorbent was filled into 1 2 columns each having a size of 4.6 mm$ x 1 m Of those columns four were 
set in a desorption zone, three were in a concentration zone, three were in an adsorption zone, and two were in a 
deso. bent recovery zone in a simulated-moving bed line A mixture of chloroethyfbenzene (CBB) isomers was applied 
75 to the simulated-moving bed line, and the adsorbing and separating capabilities of the adsorbent in the line were 
checked. The starting CEB isomer mixture applied had a composition of o-CEB/'m-CEB/p-CEB = 33/47/20 As the 
deso'bent, xylene was used The operation temperature was 1 30°C. The capabilities curve is shown in Fig 4 

Comparative Example 1: 

20 

[0057] An adsorbent was prepared in the same manner as in Example 1 . except that the extruded grams weie not 
rounded with a Marumerizer The packing density of the adsorbent prepared herein was 0 49 g/ml. The pore volume 
of the adsorbent was measured, and the data are shown in Fig. 3. The adsorbent had a porosity of 0 33 cc/cc 
[0058] Using the adsorbent, the CE3 isomer mixture was processed in the same manner as in Example 1 to check 

2S the adsorbing and separating capabilities of the adsorbent. The data obtained arc shown in Fig. 4. 

[0059] The data in Fig. 4 indicate that the most strongly adsorbable m-CEB was recovered in the extract flow and 
its purity in the flow was high In addition, the data indicate that the adsorbent giving a higher ratio of m-CEB/HCEB 
(total of o-, m- and p-CEBs) in the extract flow and giving a lower ratio of m-CEB/ICEB in the raffmate flow has better 
adsorbing and separating capabilities Obviously it is known that the adsorbent having an increased packing density 

30 of 0 54 mg/ml from 0 49 mg/ml and having a decreased porosity of 0 27 cc/cc from 0 38 cc/cc has better adsorbing 
and separating capabilities. 

Example 2: 

os [0060] An adsorbent paste was prepared in the same manner as in Example 1. except that Na-Y zeolite powder 
(from Toso) having a molar ratio S\G 2/ '/\\ 2 0 3 of 5.5 was used herein, and this was extruded out through an extruder 
equipped with a 0 3 mm-mesh screen into adsorbent pellets. 

[0061] In order to round them and to increase their packing density, the resulting pellets were processed in a rounding 
machine Marumerizer. at a revolution of 35C rpm for 3 minutes. 
-to [0062] Next, these were dried overnight at about 120°0. After having been dried, these were classified through a 
SO-mesh sieve to remove fine grains and through a 46-mesh sieve to remove coarse grains The thus-classified grains 
were then calcined at 500°C lor 2 hours 

[0063] The calcined grains were treated in an aqueous solution containing 5 % by weight of KN0 3 . at a liquid/solid 
ratio (US) of 4 ml/g at about 80°C for 1 hour Next these were washed with distilled water at a liquid/solid ratio of 4. 
~5 The K ion exchanging treatment followed by washing with water was repeated 3 times. After this treatment the grains 
were washed with distilled water at a liquid/solid ratio of 3. which was reoeated 5 times. 

[0064] Next, these grains were further subjected to ion exchanging treatment with an aqueous solution of 55 g of 
PbN0 3 dissolved in one liter of water at room temperature for about I hour, and then washed with distillec water at a 
licuid/sotid ratio of 4 The washing was repeated 5 times 

so [0065] The thus-prepared adsorbent was dried overnight at about 120 5 C, and then calcined at 500°C for 2 hours 
[0066] The diameter of the adsorbent grains was measured with a scale equipped with a magnifying giass : and it 
was 0 3 mm. The length of the grains varied from about 03mm to about 0 6 mm. The packing density of the adsorbent 
was 0 65 g/ml. Tnc pore diameter of the adsorbent grains was measured, and the data arc shown in Fig 3. which 
indicates the pore diameter d stnbution. The adsorbent had a porosity of 0.26 cc/cc. 

55 [0067] The adsorbent was filled into 12 col umns each having a size of 4 6 mmcji x 1 m Ol those columns four were 
set in a desorption zone three were in a concentration zone three were in an adsorption zone, and two were in a 
desorbent recovery zone in a simulated-moving bed line A mixture of dichlorobenzene (hereinafter referred to as 
"DCB") isomers was applied to the simulated-moving bed line, and tne adsorbing and separating capabnties of the 
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adsorbent in the line were checked The starting DCB isomer mixture applied had a composition of o-DCB/m-DCB. p- 
DCB= 37/40/23 As the desorbent dichlorotoluene was used The operation temperature was 1 30° C The capabilities 
curve is shown in Fig 5 

Example 3 

[0068] An adsorbent was prepared in the same manner as in Example 2. except that the rounding treatment with a 
Marumerizer was effected at a revolution of 400 rpm for I minu'es The packing density of the adsorbent was 0 60 g/ 
ml The pore volume of the adsorbent grains was measured, and the data are shown in Fig 3 The adsorbent had a 
porosity of 0,35 cc/cc 

[0069] The DCB adsorbing and separating capabilities of the adsorbent were checked in the same manner as in 
Example 2. and the data are shown in Fig. 5 

Example 4: 

[0070] An adsorbent was prepared in the same manner as in Example 2, except that the extruder was equipped with 
a 12 mm-mesh screen and that a 24-mesh sieve and a 1 0-mesh sieve were used for the grain classification. 
[0071] The diameter of the adsorbent grains was measured with a scale equipped with a magnifying glass, and it 
was 1.2 mm. The length of the grains was 2.0 mm. The packing density of the adsorbent was 0.67 g/ml. The acsorbent 
had a porosity of 0.25 cc/cc. 

[0072] The DCB adsorbing and separating capabilities of the adsorbent were checked in the same manner as in 
Example 2, and the data are shown in Fig. 5. 

[0073] Fig. 5 indicates that the most weakly adsorbable m-DCB was recovered in the raffinate flow and its purity in 
the flow was high. In addition, the data in Fig. 5 indicate that the adsorbent giving a higher ratio of m-DCB/IDCB {total 
of o- m-and p-DCBs) in the raffinate flow and giving a lower ratio of m-DCB/IDCB in the extract flow has better 
adsorbing and separating capabilities Obviously, it is known that the adsorbents in Examples 2 and 3 have better 
adsorbing and separating capabilities. 

Example 5: 

[0074] An adsorbent for separating 2,4-dichlorotoluene (hereinafter referred to as DCT) was prepared according to 
the method of Example 3 in JP-A 5-70383 This adsorbing and separating agent is of X-type zeolite containing, as 
cations, sodium and strontium ions. This was calcined at 500°C lor 2 hours, and filled in a stainless steel column having 
an inner diameter of 4.6 mm and a length of 1 m. While m-xylene having been de oxidated through nitrogen bubbling 
(this m-xylene had a dissolved oxygen content of nearly 0 ppm, as measured with a polarographic dissolved oxygen 
meter) was introduced into the column at a constant flow rate, a small amount of a mixture of 2,4-, 2.5- and 2 6-DCTs 
and n-nonane that had been be oxidated in the same manner of nitrogen bubbling (this mixture had a dissolved oxygen 
content of almost 0 ppm, as measured with a polarographic dissofved oxygen meter) was applied to the coiumn for an 
instant, and the liquid flowing out through the outlet was sampled at predetermined intervals, and analyzed for its 
composition through gas chromatography All the starting liquid used herein were previously dewatered through a 
molecular sieve. Time-dependently plotting the data of the analysis gives the concentration peak of each component. 
The selectivity of the adsorbing and separating agent could be represented by the ratio of the difference in the retention 
time (hereinafter referred to as "RT") between one isomer and n-nonane to that between another isomer and n-nonane, 
as in the equation mentioned below In general, adsorbents having a larger value for the selectivity to be obtained in 
that manner have better adsorbing and separating capabilities. N-nonane is substantially inactive to the adsorbing 
characteristic of zeolite 

Adsorptive Selectivity of Component A relative to Component B. a (A/B) 

_ (RT for Componenl A) - (RT for n-nonane) 
(RT for Component B) - (RT for n-nonane) 

[0075] The data obtained in this experiment are lor the blank 
[0076] The conditions for the measurement are shown in Table 1 
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Table 1 



Item 


Conditions 


Amount of Adsoroing and Seoarating Agent 


about 1 0 g 


Flow Rate of m-xylene 


120 cc/hr 


Pulse Sample 


n-C9 


10 wt.% 




2.4-DCT 


15 wt % 




2.5-DCT 


45 wt .% 




2.6-DCT 


27 wt % 




Amount 


10 ul 


Temperature 


150° C 



[0077] Next a mixture of m-xylene and dichlorotoluene that had been deoxidated through nurogen bubbling and 
dewatered through a molecular sieve (this mixture had a dissolved oxygen content of almost 0 ppm, as measured with 
a polarographic dissolved oxygen meter) was applied to the column The amount of the mixture applied to the column 
was 520 times by weight the adsorbing and separating agent filled in the column The liquid flowing out through the 
outlet of the column was sampled, and the adsorptive selectivity of the agent was determined in the same manner as 
above The liquid flow conditions in this experiment are shown in Table 2; and the flow rate-dependent adsorptive 
selectivity of the adsorbent tested herein is shown in Fig 6. 



Table 2 



Item 


Conditions 


WHSV (hr 4 ) 


64 


Mixture Composition 


m-xylene 

2.4- DCT 

2.5- DCT 

2.6- DCT 


B0 wt % 
4 wt.% 
10 wt.% 
6 wt % 


Temperature 


150° C 



Comparative Example 2: 

[0078] The adsorptive selectivity for Ihe blank was determined in the same manner as in Example 5 The same 
experiment as in Example 5 was repealed except that a mixture of m-xylene and dichlorotoluene that had been dewa- 
tered through a molecular sieve but not deoxidated through nitrogen bubbling (this mixture had a dissolved oxygen 
content of nearly 40 ppm, as measured with a polarographic dissolved oxygen meter) was applied to the column, and 
the adsorption selectivity of the adsorbent was determined in the same manner as above. Tne flow rate-dependent 
adsorptive selectivity of the adsorbent tested herein is shown in Fig 6 

Claims 

1. Use, fcr separating halogenated aromatic compounds, of an adsorbent charactenzec in that the adsorbent has 
at least one of (f)a porosity of from 0 2 cc/cc to 0 37 cc/cc inclusive, (ii) a packing density of from 0 50 g/ml to 0 70 
g/ml and (lii) a grain size of from 0 1 mm to 1 0 mm inclusive 

2. Use according to ciaim 1, wherein the adsorbent has a porosity of from 0 2 cc/cc to 0 37 cc/cc inclusive. 

3. Use. according lo claim 1 or claim 2 where:n the adsorbent has a packing density of from 0 50 g/ml to 0 70 g/ml. 

4. Use according to any one of claims 1 to 3 wherein the acsdrbent has a gram size of from O.lmm to 1 0mm inclusive 

5. Use according to any one of claims 1 to 4, wherein the adsoroent comprises a faujasiie-type zeolite 
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6. A method for separating halogenated aromatic compounds in which an adsorbent used in any one of claims 1 to 
5 is used to separate at least one halogenated aromanc compound isomer from a mixture of halogenated aromatic 
compound isomers. 

7. A method for separating halogenated aromatic compounds, which comprises contacting an adsorbent for halo- 
genated aromatic compounds with a mixture of halogenated aromatic compound isomers having a dissolved ox- 
ygen content of at most 1 5 ppm by weigh to thereby separate at least one halogenated aromatic compound isomer 
from the mixture 

8. A method according to claim 7, wherein the halogenated aromatic compound isomer mixture is. prior to being 
contacted with the adsorbent, processed to remove the dissolved oxygen therefrom through any of radiation, de- 
gassing^ distillation or nitrogen sealing. 

9. A method according to claim 7 or claim 8, in which an adsorbent used in any one of claims 1 to 5 is usee. 

10. A method according to any one of claims 5 to 9. wherein the halogenated aromatic compound contains at least 
one chlorine atom 

11. A method according to any one of claims 6 to 10 wherein the halogenated aromatic compound contains at least 
on alkyl group 
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Fig. 1 SCHEMATIC VIEW SHOWING A DEVICE FOR MEASURING 
THE PACKING DENSITY OF AN ADSORBENT 

1 FUNNEL 

2 MEASURING CONTAINER 
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Fig. 4 PERFORMANCE OF THE ADSORBENTS FOR A CEB ISOMER MIXTURE 
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Fig. 5 PERFORMANCE OF TK5 ADSORBENTS FOR A DC3 ISOMER MIXTURE 
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